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Human herpesvirus-8 (HHV-8) is commonly detected in all epidemiologic forms of Kaposi’s sarcoma. Despite the
broad cellular tropism of HHV-8, studies on mucosal shedding of HHV-8 have shown that infectious particles are
restricted to saliva isolated from the oropharynx. We used biotinylated puriﬁed HHV-8 particles in a direct binding
assay to whole clariﬁed human salivary samples isolated from HHV-8-infected and uninfected individuals. We
found that the major binding activity was carried out by a protein of 78-kDa size, which was further characterized as
human lactoferrin (hLf) using 2-D electrophoresis and MALDI-ToF analysis. Preliminary comparison of HHV-8
binding activity of 76 salivary samples from HHV-8-infected and uninfected individuals showed that 7.8% of the
uninfected population exhibited a form of Lf not recognized by HHV-8. Deglycosylation of hLf by PNGase F did not
reduce HHV-8 binding activity, whereas endoproteinase cleavage of native hLf generated a non-glycosylated 8-kDa
peptide recognized by HHV-8 particles and was located at the position Ala606–Tyr679 in the native hLf amino acid
sequence, corresponding to the C-terminal region of the glycoprotein. This work identify the lactoferrin in saliva as
a ligand for HHV-8 and suggests that this glycoprotein could be used as a carrier for the viral particles.
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Herpesviruses are widely disseminated, and approximate-
ly 100 herpesviruses have been partially characterized
and several virus species have been isolated in humans
(Rixon, 1993). Human herpesvirus-8 (HHV-8), also known
as Kaposi’s sarcoma (KS)-associated herpesvirus, was the
last HHV discovered (Chang, 1994). HHV-8 DNA sequences
have been detected in all epidemiologic forms of KS and
HHV-8 is also associated with B cell proliferative diseases,
such as primary effusion lymphoma (PEL) (Cesarman, 1995)
and multicentric Castleman’s disease (MCD) (Soulier, 1995;
Dupin, 2000; Du, 2001). Morphologic studies based on both
immunochemistry and in situ hybridization have demon-
strated that most KS spindle cells are latently infected,
whereas in MCD, the virus is localized in monotypic plas-
mablasts of the mantle zone and 10%–20% of the cells are
lytically infected (de Lellis, 1995; Orenstein, 1997; Dupin,
1999; Sturzl, 1999; Wang, 2004). These tight epidemiologic
relationships suggest a pathogenic role of HHV-8 in these
malignant diseases. In vitro, inoculating cells with HHV-8
typically results in abortive or latent infection (Renne, 1998),
despite the fact that the cell types that can be infected by
HHV-8 are numerous, including human primary B cells,
macrophages (Renne, 1998; Blackbourn, 2000), epithelial,
and endothelial cells (Flore, 1998; Moses, 1999; Cuifo,
2001).
Herpesviruses are characterized by a double-stranded
DNA genome surrounded by a protein capsid, a thick
tegument layer, and a lipid bilayer envelope (Rixon, 1993;
Lo, 2003). To date, the near-complete nucleotide sequence
has been determined from both PEL and KS biopsy spec-
imens (GenBank accession no. KSU75698) (Russo, 1996).
HHV-8 is a rhadinovirus belonging to the Herpesviridae
family, sub-family of gammaherpesviridae. The HHV-8 gen-
ome, which is  140 kb in length, encodes for 90 complete
ORF. ORF 1–75 are designated based on their similarity to
those of Herpesvirus saimiri. In addition, HHV-8 possesses
15 unique ORF designated K1–K15, including K4.1, K4.2,
K8.1, and K10.1 (Russo, 1996; Neipel, 1997). These HHV-8
ORF encode for several glycoproteins that are constituents
of the viral envelope and have been implicated in the inter-
actions that occur between HHV-8 and target cells (Russo,
1996). Initial HHV-8 adhesion is characterized by interac-
tions involving a cellular receptor that is sensitive to heparin,
whereas the penetration of virus into the cell appears to be
linked to a different receptor, not inhibited by heparin (Akula,
2001a, b). To date, it has been shown that two viral surface
glycoproteins are involved in this recognition process. The
HHV-8 surface glycoprotein gB is able to recognize heparin
molecules linked to agarose beads (Akula, 2001a) and the
a3 b1 integrin at the surface of human foreskin fibroblasts
(Akula, 2002). Similarly, the glycoprotein K8.1 is able to
recognize heparin–sulfate (HS) groups at the surface of
endothelial cells (Birkmann, 2001; Wang, 2001).
Seroprevalence reports for HHV-8 antibodies have
shown a distribution linked to the geographic location of
Abbreviations: BSA, bovine serum albumin; HHV-8, human her-
pesvirus-8; hLf, human lactoferrin; PBS, phosphate-buffered
saline; VOA, virus overlay assay
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the population tested. It is very unusual for herpesviruses to
have such heterogeneity in diffusion. Specifically, the prev-
alence is low in North Europe (1%–5%) and moderate in
Mediterranean areas (30%) (Moore, 2000). In a high-risk HIV
positive population (e.g., gay males), the seroprevalence for
HHV-8 increases to 30%–40%, suggesting a sexually trans-
mitted pathogen (Kedes, 1996; O’Brien, 1999). But in chil-
dren from sub-Saharan Africa, where HHV-8 infection is
endemic, the rate of infection can be as high as 50%, cor-
responding to non-sexual transmission routes (e.g., close
contact between individuals) where saliva is a likely source
of virus for new infections (Lennette, 1996; Whitby, 1998;
Engels, 1999; Plancoulaine, 2000; Hudnall, 2003; Mbulait-
eye, 2003). Indeed, it has been shown that viable HHV-8
particles are shed into saliva (Vieira, 1997; Pauk, 2000).
Saliva contains high amounts of mucins and other glyco-
proteins known to play an anti-microbial role by aggregating
microorganisms in the fluid phase, resulting in clearance of
microorganisms from the mouth by swallowing (Slomiany,
1996).
The aim of this study was to characterize proteins and/or
glycoproteins present in saliva that are able to recognize
HHV-8 particles. Using a direct binding assay and samples
of whole saliva from HHV-8-infected individuals, we dem-
onstrate that a glycoprotein, lactoferrin, is specifically rec-
ognized by HHV-8. Screening of a large number of saliva
samples from both HHV-8-infected and uninfected patients
revealed a variation in the HHV-8 binding pattern to lac-
toferrin, with 7.8% of HHV-8 uninfected individuals pos-
sessing an Lf not recognized by the virus. Endoglycosidase
and endoproteinase digestion studies showed that the in-
teraction between HHV-8 and lactoferrin involved the non-
glycosylated C-terminal region of the glycoprotein.
Results
Identiﬁcation of a protein recognized by HHV-8 in hu-
man saliva To evaluate HHV-8 binding activity to saliva
proteins, we developed a solid-phase virus binding assay
by using whole purified virus particles. We show that HHV-8
was able to bind to immobilized saliva in a saturation-de-
pendent manner whereas bovine serum albumin (BSA) used
as negative control was not (Fig 1A). In order to identify the
protein(s) recognized by the HHV-8 particles, we electroph-
oretically analyzed the saliva samples and detected several
protein bands ranging from 29 to 78 kDa (Fig 1B, lanes 2–9).
Using the virus overlay assay (VOA), we found that biotiny-
lated HHV-8 bound to a 78-kDa protein band in all samples
from HHV-8-infected patients (Fig 1C, lanes 2–9) but was
unable to detect BSA (Fig 1C, lane 10). Another protein mi-
grating below the 29-kDa marker was weakly recognized by
HHV-8 in six saliva samples (Fig 1C, lanes 3–8). In order to
validate the test using biotinylated viral particles, we used
concentrated unlabeled HHV-8 particles and detected them
with a specific monoclonal antibody directed against the
K8.1 envelope glycoprotein. We showed that the 78-kDa
band was strongly recognized (Fig 1D, lane 11). Another
protein of about 58 kDa was also recognized, but did not
appear constantly in the samples tested and was not con-
sidered as specific. Since the 78-kDa protein was strongly
recognized by HHV-8 viral particles in all the saliva samples
tested, we chose to focus our work on the characterization
of this protein.
Characterization of the 78-kDa protein of interest Figure
2 shows the separation of the salivary protein mixture by 2-
D gel electrophoresis. The first dimension was an IEF cov-
ering a broad pI range from 10 to 3, which allowed for better
separation. The second dimension was run on 10% SDS-
PAGE, after which the proteins were detected by silver
staining (Fig 2A). Approximately 20 protein spots were ob-
served after separation (Fig 2A). To localize the spots cor-
responding to the 78-kDa protein, a second gel was run in
parallel and subjected to the VOA (Fig 2B). The 78-kDa
protein appeared under two major spots recognized by
biotinylated HHV-8 (Fig 2B, lane 3) and were matched with
the spots in the silver-stained gel (Fig 2A, lane 3). The lower
spot detected in this experiment, migrating at the position
58.1 kDa, was not studied further because the intensity of
recognition by biotinylated HHV-8 was weak and was con-
sidered as non-specific recognition regarding the important
amount of protein detected by silver staining. The protein
spot of interest was excised and characterized by MALDI-
ToF of peptide mixtures after in-gel digestion. Figure 2C
shows a MALDI mass spectrum of a tryptic peptide mixture
produced from the protein spot indicated by an arrow in
Figure1
Binding of whole human herpesvirus-8 (HHV-8) to human saliva. (A)
Clarified saliva from Kaposi’s sarcoma-associated herpesvirus-infected
patients (dark squares) and bovine serum albumin (BSA) used as neg-
ative control (open circles) were immobilized overnight at 371C onto a
96-well plate (25 mg of protein per well) and probed with various con-
centrations of biotinylated HHV-8 ranging from 0.01 to 16 mg per mL for
2 h at RT. Bound biotinylated HHV-8 particles were detected with per-
oxidase–streptavidin as described in Materials and Methods. The re-
sults correspond to the mean of three different samples tested in
triplicate. (B) Salivary proteins from HHV-8-infected patients (lanes 2–9
and lane 11; 50 mg of total protein per lane) and BSA (lane 10; 2 mg)
were separated on 10% SDS-PAGE gels and detected by Coomassie
blue staining. HHV-8 binding activity was detected with (C) biotinylated
HHV-8 (0.1 mg per mL) and (D) concentrated HHV-8 particles detected
by the mouse monoclonal antibodies against K8.1A/B envelope glyco-
protein (10 mg per mL) as described in Materials and Methods. Lane 1
contains molecular mass markers. Arrows indicate the position of the
78-kDa band.
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Fig 2A. Protein sequence database searching identified the
protein as a product of the gene of the human lactoferrin
(hLf) (Table I). Eleven experimentally obtained tryptic pep-
tide masses were found to match predicted peptide masses
to within 0.1 Da, covering 26% of the amino acid sequence.
To control the accuracy of this result, we used commercial
hLf and tested its ability to be recognized by whole HHV-8.
Purified hLf from milk was recognized by biotinylated HHV-
8, which appears onto a doublet relative to the presence of
several glycanic forms of hLf (Fig 3C, lane 2), whereas the
BSA used as a control for specificity was not (Fig 3C, lane
3). Negative controls using peroxidase–streptavidin alone
showed very faint recognition with hLf (Fig 3B, lane 2), again
demonstrating the specific interaction between hLf and
HHV-8. To assess the presence of Lf in the human salivary
samples, we used polyclonal antibodies directed against
hLf (Fig 3D) and showed that in all the samples tested, a
band of 78 kDa migrates at the same position as the com-
mercial hLf used as positive control (Fig 3D, lane 12), and
was specifically detected by the antibodies (Fig 3D, lanes
4–11). Together, these results demonstrate that Lf present in
human saliva samples was recognized by whole HHV-8
particles.
Comparison of HHV-8 binding with Lf in HHV-8-infected
and uninfected populations Plasma samples harvested
from 76 outpatients were first characterized as being in-
fected by HHV-8 by using an assay to screen for the pres-
ence of antibodies against HHV-8. The population was then
separated into two groups: HHV-8 positive (21%) or HHV-8
negative (78.9%) (Table II). Saliva samples were then analy-
zed for the presence of Lf by using biotinylated HHV-8 and
polyclonal antibodies against hLf as probes. In all the sam-
ples studied, the serological detection of antibodies against
HHV-8 and the Lf recognition by biotinylated HHV-8 were
carried out blindly in two separate laboratories. According
to the intensity of HHV-8 binding to Lf, the individuals were
separated into two groups. The first group corresponded to
a positive HHV-8 binding to Lf (Fig 4A, lanes 1–6), whereas
the second group corresponded to no binding to Lf (Fig 4A,
lanes 7 and 8). The recognition of Lf by HHV-8 was 92.1% of
Figure 2
Identification of protein of interest. Clarified human saliva (300 mg of
protein) was separated by 2-D electrophoresis. (A) Proteins were de-
tected by silver staining. (B) Human herpesvirus-8 (HHV-8) binding ac-
tivity was determined with biotinylated HHV-8. Lane 1, molecular mass
markers; lane 2, sample separated only by SDS-PAGE (1-D elect-
rophoresis) (50 mg of protein); lane 3, sample after 2-D electrophoresis.
The arrows indicate the spot excised for identification by MALDI-ToF.
(C) MALDI-ToF spectra obtained for spot of interest. Monoisotopic
peptides masses were used to search protein databases to match and
subsequently identify protein spot.
Table I. Measured and calculated molecular masses for tryptic peptidesa
Mass (Da)b
Position SequenceMeasured Calculated Difference
852.42 852.42 0.00 322–329 (K)DSAIGFSR(V)
935.54 935.54 0.00 270–278 (R)VPSHAVVAR(S)
956.56 956.56 0.00 600–607 (K)RKPVTEAR(S)
1020.52 1020.51 0.01 221–230 (R)DGAGDVAFIR(E)
1097.52 1097.50 0.02 545–553 (R)YYGYTGAFR(C)
1129.62 1129.60 0.02 284–292 (K)EDAIWNLLR(Q)
1195.62 1195.61 0.01 306–316 (K)FQLFGSPSGQK(D)
1459.77 1459.73 0.04 365–376 (R)VVWCAVGEQELR(K)
1974.91 1974.91 0.00 567–584 (K)DVTVLQNTDGNNNDAWAK(D)
2071.04 2071.03 0.01 74–93 (R)ADAVTLDGGFIYEAGLAPYK(L)
2088.08 2088.07 0.01 334–352 (R)IDSGLYLGSGYFTAIQNLR(K)
aThese peptides, which identified the 78-kDa protein spot arrowed in Fig 2, cover 187 of 711 residues, corresponding to 26% sequence coverage.
bMono-isotipic masses.
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the entire population, whereas 7.9% of the individuals ap-
pear to be negative for Lf recognition by HHV-8 (Table II and
Fig 4A). It should be noted that the non-recognition of Lf by
HHV-8 was detected only in the HHV-8 uninfected popu-
lation. In order to ascertain the presence of Lf in these
samples, we tested them using polyclonal antibodies di-
rected against hLf. In all samples, we were able to detect
a 78-kDa band by Coomassie blue staining (Fig 4C, lanes
1–8), which is specifically recognized by antibodies against
hLf (Fig 4B, lanes 1–8).
The protein region of hLf is recognized by HHV-8 hLf is
a glycoprotein containing two N-linked glycans (Spik, 1988).
To demonstrate which part of the glycoprotein was involved
in the recognition by HHV-8, we treated purified hLf with
PNGase F to specifically remove the N-glycans from the
protein backbone and tested it for its ability to recognize
HHV-8 (Fig 5B). After deglycosylation, the hLf was still
strongly recognized by HHV-8 (Fig 5B, lane 3). In parallel,
deglycosylation was assessed by visualization of a shift in
size, detected by Coomassie blue staining after elect-
rophoresis (Fig 5A, lane 3) and by using the RCA-I plant
lectin able to recognize b-linked galactosyl residues in ter-
minal position (Fig 5C) (Green, 1987). We show that the
deglycosylated hLf was no longer recognized by the RCA-I
lectin (Fig 5C, lane 3). These results indicate that the protein
backbone of hLf was involved in the recognition process by
HHV-8.
Characterization of the protein region involved in HHV-8
binding To identify the region(s) of hLf that binds to the
HHV-8 whole particles, we fragmented hLf by using the V8
proteinase able to cut the amino acid sequence at glutamic
acid residue sites. The peptide fragments obtained follow-
ing digestion were electrophoretically separated and tested
for their ability to be recognized by HHV-8 in the VOA (Fig 6).
After digestion, about six to eight major peptide fragments
were obtained (Fig 6A, lane 3) and only one peptide frag-
ment, at about 8 kDa, was recognized by HHV-8 (Fig 6C,
lane 3). The diffused bands at 58.1, 39.8, and 14.3 kDa
recognized by HHV-8, were also obtained in the lane where
non-digested hLf was loaded (Fig 6C, lane 2). These bands
appeared only when the tricine gradient gels were used and
were detected in the absence of biotinylated HHV-8 and
thus are a result of the horseradish peroxidase–streptavidin
detection system (data not shown). In addition, to identify
the glycopeptide fragments released after V8 treatment, we
performed ConA binding assays on the treated samples
(Fig 6B, lane 3). ConA plant lectin was used for its capacity
to recognize mannosyl residues present on N-linked glycan
Figure 3
Characterization of the 78-kDa protein as the human lactoferrin
(hLf). Proteins were separated electrophoretically and transferred to
nitrocellulose membrane. (A) Proteins were detected by Coomassie
blue staining. (B) Non-specific binding activity was detected by per-
oxidase–streptavidin alone. (C) Human herpesvirus-8 (HHV-8) binding
activity was determined by using biotinylated HHV-8 (0.1 g per mL). (D)
Specific hLf detection was realized by using polyclonal antibodies
against hLf. Lane 1 contains molecular mass markers. Lanes 2 and 12
contain purified hLf from human milk (1 mg per lane). Lane 3 contains
bovine serum albumin (1 mg per lane). Lanes 4–11 contain saliva sam-
ples from HHV-8-infected patients (same samples presented in Fig 1,
lanes 2–9). Arrows indicate the position of purified hLf.
Table II. Relationship between the serological human herpes-
virus-8 (HHV-8) patients status and the recognition of lac-
toferrin (Lf) by HHV-8 in saliva samples
Number
of patientsa Sex
HHV-8 serological
statusb
Recognition
of Lf on blotc
16 M (12), F (4) þ þ (16)
 (0)
60 M (42), F (18)  þ (54)
 (6)
aSaliva samples from 76 outpatients.
bAntibodies to a latent nuclear antigen of HHV-8 were detected by
using an immunofluorescence assay (IFA) on a PEL cell line (BC-3). A
double-blind readout was performed and samples showing specific re-
activity at a 1:100 sera dilution were considered positive for HHV-8 an-
tibodies.
cThe ability of lactoferrin to be recognized by HHV-8 was determined
by using the virus-overlay assay on saliva samples. A representative in-
tensity of Lf recognition pattern by biotinylated HHV-8 is presented in
Fig 4.
Figure4
Representative human herpesvirus-8 (HHV-8) binding profil in
human saliva samples. Clarified saliva samples were separated onto
10% SDS-PAGE, transferred to nitrocellulose membrane, and incubated
with (A) biotinylated HHV-8, (B) polyclonal antibodies against human
lactoferrin (hLf). (C) Proteins were detected by Coomassie blue staining.
Lane 1–8, human salivary samples (50 mg of protein). Lane 9, purified hLf
(2 mg) as positive control. Arrows indicate the position of purified hLf.
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(Bhattacharyya, 1987) on non-treated glycoproteins (Fig 6B,
lane 2). We found that several peptides ranging from 10 to
40 kDa, generated after V8 degradation, were glycosylated
(Fig 6B, lane 3). But the 8-kDa peptide recognized by HHV-8
appeared not to be glycosylated. These results are con-
sistent with those presented in Fig 5, showing that the pro-
tein backbone was involved in the HHV-8 binding to hLf. We
then determined the nature of 20 amino acids from the 8-
kDa peptide fragment by N-terminal sequencing (Fig 7A).
This region was located at positions Ala606–Lys625 in the
amino acid sequence of the mature form of hLf (accession
#AY137470.1) (Velliyagounder, 2003). When combining the
experimentally calculated molecular mass (8.02 kDa) of
the peptide after electrophoresis and the cleavage sites of the
V8 protease, which cleave peptide bonds C-terminally at
glutamic acid residues (Sorensen, 1991), we determined
that the 20 N-terminal amino acid sequence belonged to a
larger peptide starting at position Ala606 and ending at po-
sition Glu679 (N. Dupin, P. A. Grange, V. Calvez, FR 0409969,
patent pending) (Fig 7B). These results show that the bind-
ing of HHV-8 to hLf is located in the C-terminal region of the
glycoprotein.
Discussion
The most common mucosal site where infectious HHV-8
particles have been detected is the oropharynx (Koelle,
1997; Vieira, 1997). Recently, we measured a high HHV-8
load in the oral compartment, which appeared to be inde-
pendent from HHV-8 titers in the blood (Marcelin, 2004).
Although the presence of HHV-8 in saliva is still not well
understood, a model for virus production and mucosal
shedding based on reactivation of the lytic cycle in B cells,
producing extension of infection into capsular epithelial
cells of the tonsil, has been proposed (Corey, 2002). The
route of HHV-8 transmission, however, is still unclear in
Figure 5
Binding of human herpesvirus-8 (HHV-8) to human lactoferrin after
deglycosylation. Purified hLT was subjected to treatment with N-
glycosidase F (PNGAse F). Untreated (lane 2) and treated (lane 3) sam-
ples (2 mg of protein per lane) were separated onto 10% SDS-PAGE
and then transferred onto nitrocellulose membrane. (A) Proteins were
detected by Coomassie blue staining. (B) Detection of HHV-8 binding
activity. (C) Biotinylated RCA-I plant lectin binding activity was used
as deglycosylation control. Lane 1 corresponds to the molecular mass
markers.
Figure 6
Binding of human herpesvirus-8 (HHV-8) to human lactoferrin (hLf)
after proteolytic cleavage. Purified hLf was subjected to V8 end-
oproteinase treatment. Untreated (lane 2) and treated samples (lane 3)
were analyzed in a 10%–20% SDS-tricine gel and transferred to nitro-
cellulose membrane. (A) Protein and peptide fragments were detected
by Coomassie blue staining. Binding activities were detected with (B)
biotinylated ConA plant lectin and with (C) biotinylated HHV-8. Lanes 1a
and 1b correspond to the molecular mass standards Mark 12 (Invitro-
gen) and to the biotinylated molecular mass standards (Sigma Chem-
ical, Paisley, UK), respectively. Arrows indicate the position of the 8-kDa
peptide. Artifactual recognition.
Figure7
Characterization of the 8-kDa human lactoferrin (hLf)-derived pep-
tide. (A) N-terminal sequencing of the 8-kDa peptide recognized by
human herpesvirus-8. (B) Localization map of the 8-kDa peptide in the
mature hLf amino acid sequence (Velliyagounder, 2003). The N-terminal
portion sequenced is presented in italics. Deduced 8-kDa peptide se-
quence position on the hLf amino acid sequence is underlined. Putat-
ives glycosylation sites are presented in bold.
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many cases. If sexual-based transmission is ruled out (e.g.,
in endemic areas), it is clear that the strongest evidence for
a source of transmission of HHV-8 is saliva (Koelle, 1997;
Vieira, 1997; Pauk, 2000; Mbulaiteye, 2004). Moreover, the
high seroprevalency of HHV-8 infection in children from
countries where HHV-8 infection is endemic suggests trans-
mission through close contact (Bourboulia, 1998; Andreoni,
1999).
Saliva is a dilute aqueous solution that contains mucins,
lipids, and proteins, including secretory IgA, lysozyme, am-
ylase, statherin, histatin, and proline-rich proteins. It lubri-
cates and protects the oral cavity and provides a non-
immune defense against pathogens (Wu, 1994; Veerman,
1995). Saliva tested in this study was a mixture of secretions
derived from the parotid, submandibular, and sublingual
glands and was considered as whole saliva. Electrophoresis
of whole saliva revealed several proteins with a major band
at 56 kDa, corresponding to the a-amylase, as has been
previously described (Yao, 2003). High HHV-8 binding ac-
tivity to whole saliva was first indicated by the relatively low
amounts of biotinylated HHV-8 needed for optimum binding
in microtiter wells (i.e. 2 mg per mL, Fig 1A). When testing
the saliva components after electrophoresis, only one band
at 78 kDa, representing less than 5% of the total protein,
was strongly recognized by HHV-8, whereas major protein
bands, as well as serum albumin used as negative control,
were not. These data argue strongly in favor of a specific
recognition. In order to remove any possible contamination
surrounding the 78-kDa band area, saliva components were
separated by 2-D electrophoresis and the spots of interest
were subjected to proteomic analysis and subsequently
characterized as hLf. This result is consistent with previous
studies that have shown the presence of Lf in human saliva
(Tenovuo, 1986).
Lf belongs to the transferrin family of non-heme iron
binding glycoproteins and has a molecular mass of ap-
proximately 80 kDa corresponding to two homologous
globular regions (N-terminal and C-terminal). These two re-
gions are able to bind two Fe3þ ions reversibly and each
contains one N-linked complex biantennate glycans (And-
erson, 1987; Spik, 1988). To date, it is well established that
Lf plays an important role as a primary non-specific defense
mechanism against pathogenic microorganisms, including
viruses (van Der Strate, 2001; Hammer Andersen, 2003). Lf
present in saliva prevents viruses from docking to the
surface of target cells, as previously described for cyto-
megalovirus (Harmsen, 1995), herpes simplex virus (HSV)
(Marchetti, 2004), and hepatitis C virus (Ikeda, 2000). If lac-
toferrin is an effective anti-HHV-8 agent, however, then sa-
liva-borne virions would be neither infectious in vitro, nor the
source of transmission in vivo (Vieira, 1997; Pauk, 2000).
Lactoferrin is a multifunctional glycoprotein that is also able
to recognize sulfated glycosaminoglycans (GAG) like he-
parin-containing molecules (Zou, 1992). In particular, the N-
terminal portion of mature Lf is involved in GAG binding
activity (Mann, 1994). HS groups present on the proteogly-
cans are molecules widely expressed on the surfaces of
cells and are also known to be implicated in the attachment
of HHV-8 particles in cultured cell lines (Akula, 2001a, b;
Birkmann, 2001). The possible role of Lf in the HHV-8 in-
fectious process has not been addressed until now. We
propose that the interactions between HHV-8 and Lf could
lead to the formation of a viral–lactoferrin–GAG–epithelial
cell receptor complex, which may increase the initial infec-
tive viral dose in the vicinity of potential target cells and
increase the risk of infection.
We have shown, however, that some individuals possess
an Lf not recognized by HHV-8. The possible absence of Lf
was dismissed by specific detection of Lf in all of the tested
samples. This differential recognition pattern of Lf by HHV-8
could be explained by (1) a variation in the peptide se-
quence that potentially ablates receptor sites or (2) different
post-translational glycosylation between individuals leading
to modification of recognition sites. The wide distribution of
lactoferrin binding to viruses, including HSV type 1 and 2,
and cytomegalovirus (Fujihara, 1995; Harmsen, 1995), sug-
gests that cell–virus interactions may be regulated by post-
translational modifications of the glycoprotein, rather than
by specific primary protein sequences. This phenomenon
has been described for other viruses like hepatitis B virus,
which binds to the protein part of lactoferrin where the in-
teraction was enhanced following N-glycans removal (No-
zaki, 2003). Also, primate polyoma viruses bind to the
protein region of Lf, but the degree of sialylation of the
glycanic moiety determined recognition function (Keppler,
1995). Therefore, further investigations will be necessary to
explore putative molecular differences between Lf types
that are recognized or not by HHV-8. Moreover, in vitro in-
fection studies in the presence and absence of purified Lf,
as well as purified 8-kDa peptide, will be necessary to
evaluate the impact of Lf on HHV-8 infection.
Preliminary data have shown that Lf not recognized by
HHV-8 was found only in the seronegative individuals, which
may favor a role played by Lf in the HHV-8 infectious proc-
ess. But we cannot exclude the possibility that some HHV-8
seronegative patients are infected by HHV-8 but unable to
mount a detectable serologic response. Therefore, it will be
necessary to screen a larger population in order to evaluate
the significance of HHV-8 binding to Lf versus the se-
ropositivity of the patients assessed by other serological
assays such as ELISA, which has been shown to be more
sensitive, especially in the immunosuppressed population
such as HIV-infected patients.
In this study, we used whole viral particles and therefore
we were unable to more precisely determine the viral en-
velope glycoproteins involved in the recognition process. To
date, two glycoproteins from the HHV-8 envelope, K8.1 and
gB, have been identified for their interactions with cellular
surface receptors of target cells. Particularly, the envelope-
associated glycoprotein gB could mediate cell adhesion via
its RGD motif with the cell surface integrin molecules
(Wang, 2003). We have shown that the non-glycosylated
part of the C-terminal region of Lf is implicated in binding to
HHV-8. Since Lf does not contain HS groups, these data
suggest another possible mode of linkage between HHV-8
and Lf, different from the gB–RGD–integrin interaction. Fur-
ther studies will be conducted to test the ability of purified
recombinant HHV-8 envelope glycoproteins to recognize Lf,
in order to better understand the molecular basis of this
interaction. Following these studies, our long-term goal is to
design small molecule inhibitors that interfere with Lf–HHV-
8 binding, and thus inhibit HHV-8 infection.
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Materials and Methods
Sample collection This study was conducted according to the
Declaration of Helsinki Principles, and the population consisted of
participants visiting the same institution for routine clinical exam-
inations, age ranging from 30 to 87 y, average at 47.5 y. After giving
their written consent to trained staff, blood and saliva were col-
lected from 76 consecutive patients from the same department of
dermatology including patients consulting at the sexually trans-
mitted disease center. Unstimulated fresh whole saliva samples
were collected with a sterile 30 mL plastic tube and diluted 1:2 with
cold sterile phosphate-buffered saline (PBS). Saliva samples were
clarified by centrifugation at 7000  g for 20 min at 41C, and
supernatants were kept at 201C prior to analysis. Blood samples
(20 mL) were collected on EDTA tubes and centrifuged onto a Ficoll
Hypaque layer at 1400  g for 30 min at 201C. Plasma was al-
iquotted in 15 mL tubes and stored at 801C until analysis was
performed. The medical ethical committee of the University of
Paris 5 approved all described studies.
Cell line and virus production BC-3, an HHV-8-positive lymph-
oblastic cell line (ATCC CRL-2277) (Arvanitakis, 1996), was rou-
tinely maintained in RPMI medium supplemented with 2 mM
glutamine, 10% fetal heat-inactivated bovine serum, and antibiot-
ics in a 5% CO2 incubator at 371C (Sigma Chemical, St Louis,
Missouri). Four days post-TPA induction at 2 ng per mL, culture
supernatants were centrifuged at 2000  g for 10 min to remove
cells and cellular debris. The supernatant-containing virus was fil-
tered through a 0.45 mm filter and centrifuged at 46,000  g for 3 h
at 41C. The pellets containing HHV-8 particles were suspended in
cold sterile PBS and centrifuged again as described above. To
obtain concentrated virus preparations, HHV-8 particles were sus-
pended in 2 mL of cold sterile PBS and were quantified using real-
time PCR assay, as described below. Typical values obtained from
1.1 liter of BC-3 cell culture were at 3.4  105 HHV-8 DNA copy per
milliliters of concentrated virus preparation before further purifica-
tion as described below.
Puriﬁcation and HHV-8 labeling A 24%–42% continuous gradi-
ent of Nycodenz in 1 mM potassium phosphate was made as de-
scribed previously (Akula, 2001b). HHV-8 particles were purified by
ultra-centrifugation in a Beckman SW 28 rotor at 70,000  g for 2 h
at 41C as described by Lake and Hutt-Fletcher (Lake, 2000). Frac-
tions (500 mL) were collected from the top and screened for the
presence of the viral particles using quantitative real-time PCR.
Fractions containing viral particles were collected from the 34%–
36% interface, pooled, and dialyzed against PBS to remove Nyco-
denz. Typical values obtained were at 2.8  106 HHV-8 DNA copy
per milliliter of purified preparation. Protein concentration was es-
timated by the method of Lowry using BSA as standard as de-
scribed by Peterson (1983). Biotinylated HHV-8 was prepared
according to the method described by Harlow and Lane (1988) by
reacting purified virus preparation with biotin-NHS at room tem-
perature for 4 h under end-over-end stirring at a ratio of 250 mg of
biotin-NHS per 1 mg of protein. The reaction was stopped by
adding 1 M NH4Cl. Excess of biotin-NHS was removed by dialysis
against PBS at 41C. The biotinylated virus preparations were
stored at 801C before use.
Real-time quantitative PCR To calculate the number of viral DNA
molecules in HHV-8 preparations, a quantitative real-time PCR
assay was performed as described previously (Lallemand, 2000).
Briefly, 50 mL from each fraction was taken and incubated with one
hundred units of DNase at 371C for 1 h to eliminate virion-free DNA.
DNase activity was inactivated by incubating at 651C for 10 min.
DNA was extracted using the QIAamp Blood Kit (Qiagene SA,
Courtaboeuf, France) and subjected to a quantitative real-time
PCR assay combining the quantification of HHV-8 and albumin
gene DNA. This was performed using the fluorescent TaqMan
methodology on an ABI Prism 7700 Sequence Detection System
(PE Applied Biosystems, Forster City, California). Negative controls
for all assays, which included two reactions that contained no
DNA, were run in parallel.
HHV-8 antibody serologic detection Antibodies to a latent nu-
clear antigen (Novocastra Laboratories, Newcastle, UK) of HHV-8
were detected using an immunofluorescence assay (IFA) on a PEL
cell line (BC-3). The IFA was performed using a sera dilution of
1:100 as previously described (Milliancourt, 2001). A double-blind
readout was performed, and samples showing specific reactivity at
a 1:100 were considered positive for HHV-8 antibodies.
Binding assays HHV-8 binding activity was detected using a
VOA. Briefly, saliva was diluted into 50 mM carbonate–bicarbo-
nate, pH 9.6, buffer to yield a protein concentration of 25 mg of
proteins per well, and then immobilized to 96-well polystyrene
plates at 371C overnight. The wells were rinsed three times with 0.2
mL of PBS containing 0.05% Tween-20 (PBS-Tween). Biotinylated
HHV-8 (0.1 mL of 0.1–16 mg per mL in PBS-Tween) was added to
the wells and incubated at room temperature for 1 h. The wells
were rinsed three times with 0.2 mL of PBS-Tween. Peroxidase
conjugated to streptavidin (0.1 mL of 0.5 mg per mL in PBS-Tween)
was added and incubated for 1 h at room temperature. After
washing, bound peroxidase was detected using the chromogenic
peroxidase substrate ABTS.
To identify molecules involved in the HHV-8 binding activity,
salivary proteins (50 mg) were separated by 10% SDS-PAGE and
then transferred to nitrocellulose membranes (0.45 mm pore size),
as described previously (Towbin, 1979). Membranes were then
saturated overnight at 41C in PBS containing 5% BSA, 0.05%
Tween-20 (PBT buffer). Binding activity was detected by incubating
the membranes with 20 mL of PBT containing biotinylated HHV-8
(0.1 mg per mL) for 2 h at room temperature and 2 mL of PBT
containing concentrated HHV-8 particles (from 100 mL of BC-3 cell
culture) for 4 h at 371C followed by three washes with PBT. Bound
biotinylated HHV-8 was detected by incubating the membrane with
peroxidase conjugated to streptavidin (20 mL of 0.5 mg per mL in
PBT) for 1 h at room temperature. After washing, bound peroxidase
activity was detected using 3,30-diaminobenzidine in the presence
of CoCl2 and H2O2 (Harlow and Lane, 1988). Bound HHV-8 par-
ticles were detected by incubating the membrane with mouse
monoclonal antibodies against K8.1A/B envelope glycoprotein
(10 mg per mL; ABI, Columbia, Maryland) for 18 h at room temper-
ature. Membranes were washed three times with PBT, and the
bound mouse antibodies were detected with rabbit polyclonal an-
tibodies against mouse IgG coupled to peroxidase by incubating
the membrane for 45 min at room temperature. After washing,
peroxidase activity was detected as described above. Negative
control experiments using peroxidase conjugated to streptavidin,
anti-K8.1, and anti-IgG antibodies alone were run in parallel.
2-D electrophoresis A 13 cm, pH 10–3, immobilized pH gradient
(IPG strip) (Amersham-Bioscience, Uppsala, Sweden) was rehy-
drated at 201C for 13 h with 250 mL of IEF solution (8 M urea–2%
CHAPS (wt/vol)0.5% IPG buffer, pH 4–7 (vol/vol)0.002%
bromophenol blue) that contained 300 mg of proteins from clari-
fied saliva. Isoelectric focusing was conducted at 201C in four
steps, 1 h at 200 V, 1 h at 500 V, 30 min at 8000 V in a gradient
mode, and 2 h 30 min at 8000 V using the Ettan IPGphor system
(Amersham-Pharmacia). For the second dimension, the IPG strip
was equilibrated for 30 min by rocking in a solution of 6 M urea–
30% glycerol (wt/vol)–0.05 M Tris-HCl–2% SDS (wt/vol)0.002%
bromophenol blue–100 mM DTT and for 30 min in a solution of
6 M urea–30% glycerol (wt/vol)0.05 M Tris-HCl–2% SDS
(wt/vol)0.002% bromophenol blue–400 mM iodoacetamide. The
IPG strip was then applied onto a 10% SDS-PAGE gel. Typically,
two gels were run in parallel for 6 h at 70 mA current constant.
Proteins were detected in one gel by silver staining without the
glutaraldehyde step. The spot of interest was visualized using
the VOA as described previously. The silver-stained gels and the
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membranes were matched and the spots of interest were excised
from the gel.
Characterization of protein of interest by MALDI-ToF Fast
evaporation matrix films were produced as previously described
(Vorm, 1994) by using a saturated solution of 4-hydroxy-a-cyano-
cinnamic acid (Sigma Chemical) in acetone. The protein spots were
subjected to tryptic digestion and the peptide solution was de-
posited on the matrix film and allowed to dry at room temperature.
Sample deposits were rinsed with pure water and subsequently
inserted in the MALDI mass spectrophotometer (Applied Biosys-
tems, Voyager DE super STR) equipped with a 337 nm N2 laser.
Internal mass calibration of all spectra was accomplished by using
the porcine trypsin auto-digestion peptide. Peptide masses were
searched against the SWISS-PROT and Genpept databases.
Western blot Saliva protein samples and purified hLf were sep-
arated onto 10% SDS-PAGE gels and transferred onto nitrocellu-
lose membranes. Membranes were then saturated overnight at
41C in the PBT buffer and incubated at room temperature for 1 h
with the polyclonal IgG rabbit antibodies against hLf (Sigma
Chemical) diluted to 1:1000 in the same buffer. After washing,
bound antibodies were detected by incubating membrane with
goat polyclonal antibodies against rabbit IgG coupled to per-
oxidase (Rockland, Gilbertsville, Pennsylvania) diluted to 1:5000 in
PBT buffer for 30 min at room temperature. Unbound material was
removed by washing and the peroxidase activity was detected as
described above.
Endoglycosidase treatment Purified commercial hLf (500 mg; Si-
gma Chemical) was denatured at 1001C for 5 min in the N-
glycanase digestion buffer (20 mM sodium phosphate–50 mM
EDTA–0.1% SDS–50 mM b-mercaptoethanol) and then digested
with Flavobacterium meningosepticum recombinant in Escherichia
coli PNGase F (N-Glycanase) (80 mU; Prozyme, San Leandro,
California), final volume 532 mL, for 40 h at 371C in the presence of
0.75% NP-40. The enzymatic reaction was stopped by mixing the
sample with the electrophoresis buffer, followed by denaturation at
1001C for 3 min. Deglycosylated hLf was then tested for its ability
to bind biotinylated HHV-8 using the VOA. Deglycosylation was
assessed by a reduction in the apparent Mr as determined in
Coomassie blue-stained SDS-PAGE gels and by reactivity with
RCA-I lectin in an overlay binding assay. Briefly, deglycosylated
and non-deglycosylated hLf were subjected to electrophoresis
and transferred onto nitrocellulose membranes. After blocking the
membranes with 20 mL of (0.5% BSA, 0.15 M NaCl, 0.1 mM CaCl2,
0.01 mM MnCl2 4H2O, 0.01 M HEPES.Naþ (pH 7.5)) (HEPES-
BSA) overnight at 41C, binding activity was detected by incubating
the membranes with 20 mL of HEPES-BSA containing biotinylated
RCA-I plant lectin (0.2 mg per mL; Vector Laboratories, Burlingame,
California) for 1 h at room temperature, followed by washing
(15 min, room temperature) three times with 20 mL of HEPES-BSA.
Bound biotinylated lectin was detected by incubating the mem-
branes with peroxidase–streptavidin (20 mL at 0.5 mg per mL) for
1 h at room temperature. The membranes were washed three times
with 20 mL of appropriate buffer (10 min, room temperature), and
the bound peroxidase activity was detected as described above.
Endoproteinase treatment Purified commercial hLf (500 mg) was
digested with Staphylococcus aureus V8 endoproteinase Glu-C
(50 mg; Roche Diagnostics GmbH, Mannheim, Germany) in diges-
tion buffer (25 mM NH4CO3, pH 7.8), final volume 250 mL, for 18 h
at 271C. The enzymatic reaction was stopped by mixing the sam-
ple with the electrophoresis buffer followed by denaturation at
1001C for 3 min. The peptide fragments were then separated
electrophoretically in a 10%–20% SDS-Tricine gel and transferred
to nitrocellulose membranes. Peptides transferred onto PVDF were
detected by Coomassie blue staining whereas peptides transferred
onto nitrocellulose were tested for their ability to be recognized by
HHV-8 using the VOA. Glycopeptides were detected by using the
ConA plant lectin in the same conditions as described for RCA-I.
N-terminal sequencing For N-terminal determination, 20 mg of
peptide mixture was loaded per lane and gels were electroeluted to
poly(vinylidene difluoride) membranes in the transfer buffer (10%
methanol, 10 mM 3-(cyclohexylamino)-1-propanesulfonic acid (pH
11.0)). Peptides were detected by 0.1% Coomassie blue (wt/vol) in
50% methanol in order to visualize the 8-kDa band prior to exci-
sion. Bands were excised from a single membrane and the material
was subsequently submitted to microsequencing by Edman deg-
radation using a 494HT Procise protein sequencer apparatus from
Applied Biosystems.
This work was supported by grants from Association pour la Recher-
che sur le Cancer (ARC), Sidaction, Socie´te´ Franc¸aise de Dermatologie
(SFD), and the Association de Recherche en Virologie et Dermatologie
(ARVD). We thank Drs Henri Agut and Andrew Blauvelt for critically
reading the manuscript.
DOI: 10.1111/j.0022-202X.2005.23756.x
Manuscript received December 23, 2004; revised February 2, 2005;
accepted for publication February 9, 2005
Address correspondence to: Philippe A. Grange, Hoˆpital Cochin,
Pavillon Tarnier Laboratoire de Microbiologie Cutane´e 89, rue d’Assas,
75006 Paris, France. Email: philippe.grange@cch.ap-hop-paris.fr
References
Akula SM, Pramod NP, Wang FZ, Chandran B: Human herpesvirus 8 envelope-
associated glycoprotein B interacts with heparan sulfate-like moieties.
Virology 284:235–249, 2001a
Akula SM, Pramod NP, Wang FZ, Chandran B: Integrin a3 b1 (CD 49c/29) is a
cellular receptor for Kaposi’s sarcoma-associated herpesvirus (KSHV/
HHV-8) entry into the target cells. Cell 108:407–419, 2002
Akula SM, Wang FZ, Vieira J, Chandran B: Human herpesvirus 8 interaction with
target cells involves heparan sulfate. Virology 282:245–255, 2001b
Anderson BF, Baker HM, Dodson EJ, Norris GE, Rumball SV, Waters JM, Baker
EM: Structure of human lactoferrin at 3.2-A˚ resolution. Proc Natl Acad Sci
USA 84:1769–1773, 1987
Andreoni M, El-Sawaf G, Rezza G, et al: High seroprevalence of antibodies to
human herpesvirus-8 in Egyptian children: Evidence of nonsexual trans-
mission. J Natl Cancer Inst 91:465–469, 1999
Arvanitakis L, Mesri EA, Nador RG, Said JW, Asch AS, Knowles DM, Cesarman E:
Establishment and characterization of a primary effusion (body cavity-
based) lymphoma cell line (BC-3) harboring Kaposi’s sarcoma associated
herpesvirus (KSHV/HHV-8) in the absence of Epstein–Barr virus. Blood
88:2648–2654, 1996
Bhattacharyya L, Ceccarini C, Lorenzoni P, Brewer FC: Concanavalin A interac-
tions with asparagine-linked glycopeptides. Bivalency of high mannose
and bisected hybrid type glycopeptides. J Biol Chem 262:1288–1293,
1987
Birkmann A, Mahr K, Ensser A, Yaguboglu S, Titgemeyer F, Fleckenstein B, Ne-
ipel F: Cell surface heparan sulfate is a receptor for human herpesvirus 8
and interacts with envelope glycoprotein K8.1. J Virol 75:11583–11593,
2001
Blackbourn DJ, Lennette E, Klencke B, et al: The restricted cellular host range of
human herpesvirus 8. AIDS 14:1123–1133, 2000
Bourboulia D, Whitby D, Boshoff C, et al: Serologic evidence for mother-to-
child transmission of Kaposi sarcoma-associated herpesvirus infections.
JAMA 280:31–32, 1998
Cesarman E, Chang Y, Moore PS, Said JW, Knowies DM: Kaposi’s sarcoma-
associated herpesvirus-like DNA sequences in AIDS-related body-cavity-
based lymphomas. N Engl J Med 332:1186–1191, 1995
Chang Y, Cesarman E, Pessin MS, Lee F, Culpepper J, Knowles DM, Moore PS:
Identification of herpesvirus-like DNA sequences in AIDS-associated
Kaposi’s sarcoma. Science 266:1865–1869, 1994
Ciufo DM, Cannon JS, Poole LJ, Wu FY, Murray P, Ambinder RF, Hayward GS:
Spindle cell conversion by Kaposi’s sarcoma-associated herpesvirus:
Formation of colonies and plaques with mixed lytic and latent gene ex-
pression in infected primary dermal microvascular endothelial cell cul-
tures. J Virol 75:5614–5626, 2001
Corey L, Brodie S, Huang M-L, Koelle DM, Wald A: HHV-8 infection: A model for
reactivation and transmission. Rev Med Virol 12:47–63, 2002
1256 GRANGE ET AL THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
de Lellis L, Fabris M, Cassai E, Corallini A, Giraldo G, Feo C, Monini P: Herpes-
virus-like DNA sequences in non-AIDS Kaposi’s sarcoma. J Infect Dis
172:1605–1607, 1995
Du MQ, Lu H, Diss TC, et al: KSHV positive cells in Castleman’s disease ans
associated lymphoproliferative disorders are monotypic (IgMlambda),
polyclonal or monoclonal and derive from naı¨ve B-cells. Blood 97:
2130–2136, 2001
Dupin N, Diss T, Kellam P, et al: HHV-8 is associated with a plasmablastic variant
of Castleman’s disease that is linked to HHV-8 positive plasmablastic
lymphoma. Blood 95:1406–1412, 2000
Dupin N, Fisher C, Kellam P, et al: Distribution of human herpesvirus-8 latently
infected cells in Kaposi’s sarcoma, multicentric Castleman’s disease,
and primary effusion lymphoma. Proc Natl Acad Sci USA 96:4546–4551,
1999
Engels EA, Eastman H, Ablashi DV, Wilks RJ, Braham J, Manns A: Risk of trans-
fusion-associated transmission of human herpesvirus 8. J Natl Cancer
Inst 91:1773–1775, 1999
Flore O, Rafii S, Ely S, O’Leary JJ, Hyjek EM, Cesarman E: Transformation of
primary human endothelial cells by Kaposi’s sarcoma-associated her-
pesvirus. Nature 394:588–592, 1998
Fujihara T, Hayashi K: Lactoferrin inhibits herpes simplex virus type-1 (HSV-1)
infection to mouse cornea. Arch Virol 140:1469–1472, 1995
Green ED, Brodbeck RM, Baenziger JU: Lectin affinity high-performance liquid
chromatography. Interactions of N-glycanase-released oligosaccharides
with Ricinus communis agglutinin I and Ricinus communis agglutinin II.
J Biol Chem 262:12030–12039, 1987
Hammer Andersen J, Jenssen H, Gutteberg TJ: Lactoferrin and lactoferricin in-
hibit herpes simplex 1 and 2 infection and exhibit synergy when com-
bined with acyclovir. Antiviral Res 58:209–215, 2003
Harlow E, Lane D: Antibodies: A Laboratory Manual. Cold Spring Harbor, NY:
Cold Spring Harbor Laboratory, 1988
Harmsen MC, Swart PJ, de Bethume M-P, Pauwels R, De Clercq E, The TH,
Meijer DK: Antiviral effects of plasma and milk proteins: Lactoferrin
shows potent activity against both human immunodeficiency virus and
human cytomegalovirus replication in vitro. J Infect Dis 172:380–388,
1995
Hudnall SD, Chen T, Rady P, Tyring S, Allison P: Human herpesvirus 8 seroprev-
alence and viral load in healthy adult blood donor. Transfusion 43:85–90,
2003
Ikeda M, Nozaki A, Sugiyama K, et al: Characterization of antiviral activity of
lactoferrin against hepatitis C virus infection in human cultured cells. Virus
Res 66:51–63, 2000
Kedes DH, Operskalski E, Busch M, Kohn R, Flood J, Ganem D: The seroep-
idemiology of human herpesvirus 8 (Kaposi’s sarcoma-associated her-
pesvirus): Distribution of infection in KS risk group and evidence for
sexual transmission. Nat Med 2:918–924, 1996
Keppler OT, Stehling P, Herrmann M, Kayser H, Grunow D, Reutter W, Pawlita M:
Biosynthetic modulation of sialic acid-dependent virus-receptor interac-
tions of two primate polyoma viruses. J Biol Chem 270:1308–1314,
1995
Koelle DM, Huang ML, Chandran B, Vieira J, Piepkorn M, Corey L: Frequent
detection of Kaposi’s sarcoma-associated herpesvirus (human herpesvi-
rus 8) DNA in saliva of human immunodeficiency virus-infected men:
Clinical and immunologic correlates. J Infect Dis 176:94–102, 1997
Lake CM, Hutt-Fletcher LM: Epstein–Barr virus that lacks glycoprotein gN is
impaired in assembly and infection. J Virol 74:11162–11172, 2000
Lallemand F, Desire N, Rozenbaum W, Nicolas JC, Marechal V: Quantitative
analysis of human herpesvirus 8 viral load using a real time PCR assay.
J Clin Microbiol 38:1404–1408, 2000
Lennette ET, Blackbourn DJ, Levy JA: Antibodies to huamn herpesvirus type 8
in the general population and in Kaposi’s sarcoma patients. Lancet
348:858–861, 1996
Lo P, Yu X, Atanasov I, Chandran B, Zhou ZH: Three-dimensional localization
of pORF65 in Kaposi’s sarcoma-associated herpesvirus capsid. J Virol
77:4291–4297, 2003
Mann DM, Romm E, Migliorini M: Delineation of the glycosaminoglycan-binding
site in the human inflammatory response protein lactoferrin. J Biol Chem
269:23661–23667, 1994
Marcelin A-G, Gorin I, Morand P, et al: Quantification of Kaposi’s sarcoma-as-
sociated herpesvirus in blood, oral mucosa, and saliva in patients with
Kaposi’s sarcoma. AIDS Res Hum Retroviruses 20:704–708, 2004
Marchetti M, Trybala E, Superti F, Johansson M, Bergstrom T: Inhibition of herpes
simplex virus infection by lactoferrin is dependent on interference with the
virus binding to glycosaminoglycans. Virology 318:405–413, 2004
Mbulaiteye SM, Pfeiffer RM, Engels EA: Detection of Kaposi sarcoma-associated
herpesvirus DNA in saliva and buffy-coat samples from children with
sickle cell disease in Uganda. J Infect Dis 190:1382–1386, 2004
Mbulaiteye SM, Pfeiffer RM, Whitby D, Brubaker GR, Shao J, Biggar RJ: Human
herpesvirus 8 infection within families in rural Tanzania. J Infect Dis
187:1780–1785, 2003
Milliancourt C, Barete S, Marcelin A-G, et al: Human herpesvirus-8 seroconver-
sions after renal transplantation. Transplantation 72:1319–1320, 2001
Moore PS: The emergence of Kaposi’s sarcoma-associated herpesvirus (human
herpesvirus 8). N Engl J Med 343:1411–1413, 2000
Moses AV, Fish KN, Ruhl R, et al: Long-term infection and transformation of
dermal microvascular endothelial cells by human herpesvirus 8. J Virol
73:6892–6902, 1999
Neipel F, Albrecht JC, Fleckenstein B: Cell-homologous genes in the Kaposi’s
sarcoma-associated rhadinovirus human herpesvirus 8: Determinants of
its pathogenicity? J Virol 71:4187–4192, 1997
Nozaki A, Ikeda M, Naganuma A, Nakamura T, Inudoh M, Tanaka K, Kato N:
Identification of a lactoferrin-derived peptide possessing binding activity
to hepatitis C virus E2 envelope protein. J Biol Chem 278:10162–10173,
2003
O’Brien TR, Kedes D, Ganem D, Macrae DR, Rosenberg PS, Molden J, Goedert
JJ: Evidence for concurrent epidemics of human herpesvirus 8 and
human immunodeficiency virus type 1 in US homosexual men: Rates,
risk factors, and relationship to Kaposi’s sarcoma. J Infect Dis 180:
1010–1017, 1999
Orenstein JM, Alkan S, Blauvelt A, Jeang KT, Weinstein MD, Ganem D, Herndier
B: Visualization of human herpesvirus type 8 in Kaposi’s sarcoma by light
and transmission electron microscopy. AIDS 11:35–45, 1997
Pauk J, Huang ML, Brodie SJ, et al: Mucosal shedding of human herpesvirus 8 in
men. N Engl J Med 343:1369–1377, 2000
Peterson GL: Determination of total protein. Methods Enzymol 91:95–119,
1983
Plancoulaine S, Abel L, van Beveren M, et al: Human herpesvirus 8 transmission
from mother to child and between siblings in an endemic population.
Lancet 356:1062–1065, 2000
Renne R, Blackbourn D, Whitby D, Levy J, Ganem D: Limited transmission of
Kaposi’s sarcoma-associated herpesvirus in cultured cells. J Virol 72:
5182–5188, 1998
Rixon FJ: Structure and assembly of herpesviruses. Sem Virol 4:135–144, 1993
Russo JJ, Bohenzky RA, Chien MC, et al: Nucleotide sequence of the Kaposi’s
sarcoma-associated herpesvirus (HHV-8). Proc Natl Acad Sci USA
93:14862–14867, 1996
Slomiany BL, Murty VLN, Pitrowski J, Slomiany A: Salivary mucins in oral mu-
cosal defense. Gen Pharmacol 27:761–771, 1996
Sorensen SB, Sorensen TL, Breddam K: Fragmentation of proteins by S. aureus
strain V8 protease. Ammonium bicarbonate strongly inhibits the enzyme
but does not improve the selectivity for glutamic acid. FEBS Lett 294:
195–197, 1991
Soulier J, Grollet L, Oksenhendler E, et al: Kaposi’s sarcoma-associated her-
pesvirus-like DNA sequences in multicentric Castelman’s didease. Blood
86:1276–1280, 1995
Spik G, Coddeville B, Montreuil J: Comparative study of the primary structures of
sero-, lacto- and ovotransferrin glycans from different species. Biochimie
70:1459–1469, 1988
Sturzl M, Hohenadl C, Zietz C, et al: Expression of K13/v-FLIP gene of human
herpesvirus 8 and apoptosis in Kaposi’s sarcoma spindle cells. J Natl
Cancer Inst 91:1725–1733, 1999
Tenovuo J, Lehtonen OP, Aaltonen AS, Vilja P, Tuohimaa P: Antimicrobial factors
in whole saliva of human infants. Infect Immun 51:49–53, 1986
Towbin H, Staehelin T, Gordon J: Electrophoretic transfer of proteins from po-
lyacrylamide gels to nitrocellulose: Procedure and some applications.
Proc Natl Acad Sci USA 76:4350–4354, 1979
van Der Strate BW, Beljaars L, Molema G, Harmsen MC, Meijer DK: Antiviral
activities of lactoferrin. Antiviral Res 52:225–239, 2001
Veerman EC, Ligtenberg AJ, Schenkels LC, Walgreen-Weterings E, NieuwAmeron-
gen AV: Binding of human high-molecular weight salivary mucins (MG1) to
Hemophilus parainfluenzae. J Dent Res 74:351–357, 1995
Velliyagounder K, Kaplan JB, Furgang D, Legarda D, Diamond G, Parkin RE, Fine
DH: One of two human lactoferrin variants exhibits increased antibacterial
and transcriptional activation activities and is associated with localized
juvenile periodontitis. Infect Immun 71:6141–6147, 2003
Vieira J, Huang ML, Koelle DM, Corey L: Transmissible Kaposi’s sarcoma asso-
ciated herpesvirus (human herpesvirus 8) in saliva of men with a history of
Kaposi’s sarcoma. J Virol 9:7083–7087, 1997
Vorm O, Roepstorff P, Mann M: Improved resolution and very high sensitivity in
MALDI TOF of matrix surfaces made by fast evaporation. Anal Chem
66:3281–3287, 1994
Wang F-Z, Akula SM, Pramod NP, Zeng L, Chandran B: Human herpesvirus 8
envelope glycoprotein K8.1A interaction with the target cells involves
heparan sulfate. J Virol 75:7517–7527, 2001
HHV-8 BINDING TO LACTOFERRIN 1257124 : 6 JUNE 2005
Wang F-Z, Akula SM, Sharma-Walia N, Zeng L, Chandran B: Human herpesvirus
8 envelope glycoprotein B mediates cell adhesion via its RGD sequence.
J Virol 77:3131–3147, 2003
Wang HW, Trotter MW, Lagos D: Kaposi sarcoma herpesvirus-induced cellular
reprogramming contributes to the lymphatic endothelial gene expression
in Kaposi sarcoma. Nat Genet 36:687–693, 2004
Whitby D, Luppi M, Barozzi P, Boshoff C, Weiss RA, Torelli G: Human herpesvirus
8 seroprevalence in blood donors and lymphoma patients from different
regions of Italy. J Natl Cancer Inst 90:395–397, 1998
Wu AM, Csako G, Herp A: Structure, biosynthesis, and function of salivary muc-
ins. Mol Cell Biochem 137:39–55, 1994
Yao Y, Berg EA, Costello CE, Troxler RF, Oppenheim FG: Identification of
protein components in human acquired enamel pellicle and whole saliva
using novel proteomics approaches. J Biol Chem 278:5300–5308,
2003
Zou S, Magura CE, Hurley WL: Heparin-binding properties of lactoferrin and
lysozyme. Comp Biochem Physiol B 103:889–895, 1992
1258 GRANGE ET AL THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
